We conducted a study with 25 older adults that aimed to investigate how older users interact with swipe-based interactions in mid-air and how menu sizes may affect swipe characteristics. Our findings suggest that currentlyimplemented motion-based interaction parameters may not be very well-aligned with the expectations and physical abilities of the older population. In addition, we find that GUI design can shape how older users produce a swipe gesture in mid-air, and that appropriate GUI design can lead to higher success rates for users with little familiarity with this novel input method.
INTRODUCTION AND BACKGROUND
Motion-based interaction through mid-air gestures has become increasingly popular with the advancement of motion sensors (e.g. Microsoft HoloLens, Leap Motion) and has been employed in a diverse range of applications such as interactive TV, vehicles, and public displays [9, 10, 13] . Research [4, 11] has found that older adults (aged 60 and older) may face greater challenges when interacting through mid-air gestures due to age-related decline in motor control, limited range of motion [5] and a lack of familiarity with this novel input method [6, 8, 12] , however this issue is far from being tackled and fully understood. A particular challenge relates to the difficulty and inconsistency of how older adults perform the swipe gesture, a highly recurrent mid-air gesture that involves a lateral swiping motion of a finger or hand, that is mostly used for menu navigation and item selection [3, 15, 16] . To date, there are limited insights on how older users interact with mid-air gesture interaction and whether gesture-based systems take into account how older users gesture in mid-air. Consequently, the growing older population could be excluded from emerging interfaces that are employing mid-air gestures in different interaction contexts. One method yet to be explored for minimising this problem is observing how older users intuitively swipe in mid-air in order to elicit movement data and improve sensing parameters. We report a study with 25 older adults that aimed to investigate how older users interact with swipe-based interactions in mid-air and how well the Leap Motion sensor is able to recognise those movements. Three on-screen carousel menu sizes were studied in our experimental design in order to investigate the possible effects of menu size on swipe characteristics. Our findings may contribute to the design and development of more inclusive sensing parameters and age-friendly gesture-based interfaces.
EXPERIMENT Participants
Two participants chose to swipe using the index finger, whilst the other 23 participants swiped using the entire hand. Figure 1 shows, for each participant, the average starting and ending positions for their swipes, relative to the sensor for each menu size. A repeated-measures MANOVA showed a significant main effect of carousel menu size on how older adults swipe in mid-air [F(2, 392) = 56.5; p =.0002]. A Tukey HSD post-hoc analysis found that carousel menu size had an effect on all dependent variables (swipe recognition rate, length, and speed). That is, the swiping motion was significantly longer (p=.0015), faster (p=.01), and better recognised (p=.01) when older adults were navigating through the larger carousel menu. In the same way, length, speed and recognition rates significantly decreased when interacting with the medium and small carousel menus respectively. 25 older adults (12 female) participated in the experiment. Participants were aged 60 to 83 (mean age: 67; SD=6.7) and had prior computer experience and some familiarity with touchscreen interaction. No prior experience with motion sensing devices and mid-air gesture interaction was reported. Before the start of the experiment, participants had their manual dexterity and motor skills assessed using a Rolyan 9-Hole Peg Toolkit [17] , which confirmed that all participants were within the norms for their age group.
Procedure and Apparatus
Participants were first introduced to the Leap Motion sensor. They were then asked to complete a task that involved navigating through a 10-item carousel menu by swiping their hand left and right in mid-air (Figure 2 ). This task was repeated for three different carousel sizes which were -in pixels -2130x560 (large), 1800x480 (medium), and 1390x330 (small). Participants were encouraged to swipe intuitively and were not given specific demonstrations on how to gesture. The carousel moved to the next item independently from how participants swiped, in order to encourage participants to swipe in a manner that was natural to them without trying to conform to a gesture recogniser. Movement data was being automatically logged for later analysis. The order of presentation of menu sizes was counterbalanced across participants. The session was video recorded. The carousel was developed using JavaScript [1] and movement data was collected using the Leap Motion sensor [16] . Participants interacted in a sitting position with a Leap Motion sensor connected to a 13-inch MacBook with built-in retina display at 2560x1600 pixels resolution (227 ppi). 
RESULTS

DISCUSSION AND CONCLUSION
The Leap Motion default parameters for a swipe gesture include a minimum swipe speed of 1000 mm/s and a minimum swipe length of 150 mm [15] . However, the results from the current study suggest that those parameters may not be age-friendly and may not have taken into consideration the psychomotor aspects of how older adults naturally swipe in mid-air. This mismatch between how older adults naturally swipe and how the system expects them to do it is likely to lead to a number of failed interaction attempts (see recognition rates in Table 1 ) and may affect the overall usability and accessibility of gesturebased interfaces. Furthermore, we also found that carousel menu size affected how older adults produced a mid-air swipe gesture to a point where it was almost unrecognisable by the sensor. The large carousel menu (2130x560 pixels) was the menu with highest recognition rate (90%), whilst the smallest menu size (1390x330 pixels) achieved only 18% due to swipe lengths and speeds so low that the sensor was incapable of interpreting the motions as a recognised swipe. Our findings emphasise the role of GUI design in gesture-based systems, and how user interface choices can not only shape how older users produce a gesture in mid-air but also lead to higher success rates for users with little familiarity with this novel input method. Our findings suggest that currently-implemented motion-based interaction parameters may not be necessarily aligned with the expectations and physical abilities of the older population and we expect that our work will contribute to the implementation of gesturing parameters that take older users into account, leading to a higher success rate and greater accessibility for gesture-based interfaces.
